This paper presented a theoretical study of structural, electronic, and optical properties of the ternary mixed chalcogenides topological insulators with a formula M 2 X 2 Y (M = Bi, X = Te and Y= Se, S) using density functional theory (DFT) within the local density approximation (LDA). From the calculation, we have evaluated the bulk modulus and its corresponding pressure derivatives of these compounds. The linear photon-energy dependent of dielectric functions, some optical properties such as reflectivity, refraction index, conductivity function, and energy-loss spectra, have also been obtained and analyzed within the electronic band structures and density of states of these compounds.
Introduction
Mixed chalcogenides compound with the formula M 2 X 2 Y (M = Bi, Sb, X = Te and Y= Se, S) has attracted an extensive attention in condensed matter physics research because of the unique electronic properties and topological nature they are supporting [1] [2] [3] , the detailed understanding of their electronic and transport properties within a density functional theory (DFT) calculation is one of the continuing research in the literature. This is because such an investigation has led to the good theoretical predictions that helped the experimentalist for a better interpreting some properties of many materials. In the recent years, binary combinations such as Bi 2 Se 3 and Bi 2 Te 3 have been proved as a model system for various experimental investigations on the chemistry and the molecular growth of thin films of these compounds using optical techniques [4] . The theoretical study based on DFT or tight-binding calculations that focused on unveiling the system-property predicting the new TIs, and mapping the band structures [5] [6] has been given an excellent results. These findings confirmed the used of binary combination as excellent topological insulators (TI) materials [7] [8] [9] . The intrinsic n (or p)-type vacancies in the bulk crystals of the binary combinations which stretch the conduction band through bulk states and dominate the transport properties of the compound [10] , the hexagonal warping effect that makes the Dirac cone anisotropic especially in the conduction band region of these compounds have been the most recent significant findings in this area [11] [12] . This anisotropic nature of the Dirac cone leads to the interesting spin-momentum locking of surface states with many technological potential applications, such as in spintronics and quantum computation [13] [14] .
Recently, two promising ternary combinations Bi 2 Te 2 Y (Y= Se, S) have been theoretically predicted to bring near perfect Dirac cones [15] with the less predicament of the bulk gap and surface states, and experiments have proved these predictions more precisely for Bi 2 Te 2 Se. Moreover, ternary Bi 2 Te 2 Se have found to offer a high bulk resistivity due to the structural precision nature of crystals that led to the surface transport and optical properties to be enhanced.
In view of these promising advances, still there is a need for comprehensive theoretical investigation of both thin-film and bulk optical properties of other ternary compounds say Bi 2 Te 2 S, in order to help better understanding of the materials from this family and also to have excellent design and future experimental predictions of the new optical materials.
Obviously, there is no reported comprehensive ab initio investigation for the optical properties of both Bi 2 Te 2 Se and Bi 2 Te 2 S so far. Therefore, we have aimed to present the investigation of the structural, electronic, and optical properties of ternary Bi 2 Te 2 Se and Bi 2 Te 2 S based on DFT calculation.
Method and Calculation details
The calculations of the electronic properties of ternaries Bi 2 Te 2 Se and Bi 2 Te 2 S have been carried out using the DFT within the LDA exchange-correlation functional [16] . The electron-ion interaction which is described by pseudopotentials generated within Perdew-Zunger (PZ) functional as implemented in Quantum Espresso (QE) package has been considered [17] . The pseudopotentials are Ultrasoft and scalar relativistic with spin-orbit coupling (SOC). All pseudopotentials were obtained from the PSLIBRARY of the plane-wave self-consistent field (PWSCF) pseudopotentials online references [18] . The pseudopotentials allow an accurate treatment of the valence electrons 3s 2 3p 6 (4s 2 4p 4 ) of S (Se) atoms, 5s 2 5p 4 4d 10 and 6s 2 6p 3 5d 10 of Bi atoms respectively. But ordinarily, the carrier effective mass of similar compounds was found to have less significant in the presence of SOC [8] , therefore, the SOC effects will be ignored in the optical properties discussion. The evaluation of the density of state (DOS) and projected density of state (PDOS) of both Bi 2 Te 2 Se and Bi 2 Te 2 S has been performed on the rhombohedral structure with five atoms in the unit cell on 12 × 12 × 12 k-point mesh. It is important to mention that all calculation parameters have been tested for convergence and the convergence has been achieved when there is limited consecutive iterative steps to an energy difference less than 1 meV/Å. The relaxation calculations for the atomic coordinates have been performed on the 8 × 8× 8 k-point mesh by applying the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm [20] , where the forces and energy minimization process are considered during structural optimization. For the optical properties investigation, DFT within the LDA together with the linear response method [21] within the random phase approximations (RPA) [22] as implemented in YAMBO [28] . The real dielectric function, reflectivity, refractive index, and conductivity function have been evaluated using densityfunctional perturbation theory [23] .
Results and Discussion

I. Structural Properties
In the study, a rhombohedral unit cell of ternaries Bi 2 Te 2 Se and Bi 2 Te 2 S has been used. A similar structure of this rhombohedral has been reported [3, 5, 8] . Meanwhile, the equilibrium lattice parameters have been evaluated, the bulk modulus and its corresponding pressure derivatives using Murnaghan's equation of states [24] . The comparisons of the results with the available experimental and some theoretical values are presented in Table 1 . In the above calculations a computed lattice constant was used. It is worth to say that, there are no reported theoretical and experimental results for comparing the calculated bulk modulus of these compounds. We have evaluated the total density of state (TDOS) and projected densities of states (PDOS) for the compounds shows in Fig 2. From the results we have found that, the lowest valence bands for Bi 2 Te 2 Se occurred between −14 and −12 eV, and dominated by the Te 5s, Bi 6s and Se 4s states respectively, while for Bi 2 Te 2 S only with Te 5s, Bi 6s and S 3s, respectively, for the valence bands which occurred between −12 and −10 eV is predominated by Te 5s and Bi 6s states in each case of the compounds. For the maximum occupied valence bands, only Te 5p and Bi 6s states are fundamentally dominated in each case. The 3p (4p) states of S (Se) atoms are also contributing to the valence bands, but the values of DOS are so small compared to Te 5p and Bi 6s states. The lowest unoccupied conduction bands has occurred just above the Fermi energy level for the two compounds, and are clearly dominated by Te 5p and Bi 6p states. Similarly the 3p (4p) states of S (Se) atoms also contributing to the conduction bands, but the values of DOS are also small compared to Te 5p and Bi 6p states. These results indicated that, during the formation of ternary compounds from the binary combinations, the binding of the site in the central layer of the two Bi-Bi may increase the hybridization and possibly decreases spin-orbit coupling when considered. 
II. Electronic Properties
III. Optical Properties
The optical properties of the ternaries Bi 2 Te 2 Se and Bi 2 Te 2 S has been investigated, by evaluating the complex dielectric function
[25] of the two compounds, which normally explain the behavior of the linear response of any system to the electromagnetic radiation, and govern the propagation performance of any radiation in a medium [26] . The imaginary part . Hence, all the mentioned optical properties of these ternary compounds have been evaluated and plot their behavior as below. It is good to emphasize that, for the purpose of this study, the discussion has been narrowed only in the case of incident radiation through the linear polarization along the (100) direction of these compounds. of both Bi 2 Te 2 Se and Bi 2 Te 2 S respectively, by considering a specific peaks positioned at the P (11.8 eV) and Q (11.1 eV) in Fig. 3 (b) , one can observe these picks are almost resemble the transitions from (Bi) Te (6p) 5p of the two compounds from the PDOS, which normally derived the bands to the metal edge bands, also we have noticed that, the first critical points of the dielectric function occurred at approximately 4.90 and 8.10 eV for Bi 2 Te 2 Se and Bi 2 Te 2 S respectively, these points indicate the threshold for the optical transitions between the maximum valence-band and the minimum conduction band of these materials, which described as the fundamental absorption edge. From the computed frequency-dependent on the energy loss ( ) ω L and optical conductivity ( ) ω σ behavior of Bi 2 Te 2 Se and Bi 2 Te 2 S are shown in Fig. 4 (a) and 4 (b) respectively, it was surprisely noticed that the presence of the initial respondents of the optical conduction band was only when the applied energy reaches about 4.9 to 5.0 eV on Bi 2 Te 2 Se and 2.01 to 3.1 eV for Bi 2 Te 2 S respectively, while the maximum optical conductivity of both behavior of these materials are evaluated and shown in Fig. 5 (a) and 5 (b) respectively, one can observed that, the maximum reflectivity values occur within the energy range of 12.0 and 10.8 eV for Bi 2 Te 2 Se and Bi 2 Te 2 S respectively, these values are clearly in the ultraviolet range, therefore, we may assume that both the compounds can be used as promising shield materials for ultraviolet radiation. These results show a good agreement with experimental results reported in [5, 8] for the case of Bi 2 Te 2 Se. For the refractive indices behavior, it is good to know that these values are evaluated only for the independent dielectric tensor (says ), such that both the isotropic dielectric function iso ε and refractive index iso n are evaluated from the averaging the diagonal matrix element.
Therefore the calculated dielectric constant ε and refractive index ω of the two compounds is summarized in Table 2 . Both the two quantities are at the optical frequency and satisfied 2 n = ε
. It is good to say that, within the limit of the literature, we did not across any experimental results for comparison more especially in case of Bi 2 Te 2 S. 
Conclusion
In summary, the theoretical study based on DFT has been carried out within the LDA on the structural, electronic, and optical properties of ternary Bi 2 Te 2 Se and Bi 2 Te 2 S. The results show the following conclusion: The calculated structural parameters at zero pressure within the LDA of these materials are found to be in good agreement with the available experimental results in case of Bi 2 Te 2 Se. There is no awareness of any reported result of the bulk modulus of ternary Bi 2 Te 2 S, so our results may be considered as a prediction. The imaginary and real parts of the dielectric function, the refractive index, reflectivity, and electron energy-loss spectra are also calculated, the results show that, the computed static dielectric constants ε and refractive index n of these compounds are considerable for many optical applications. Finally the agreement between the calculated results and experimental results for Bi 2 Te 2 Se shows that the methodology is feasible for the investigations of the properties of the ternary tetradymite mixed chalcogenides family.
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